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798Image fusion for hybrid repair of dislocated superior
mesenteric branch of a branched endovascular
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Hicham Kobeiter, MD, Créteil, France
Recent advances in imaging technology allow the projection of volumetric imaging data from the preacquired computed
tomography angiography over live ﬂuoroscopy during interventions. This “fusion” technology is currently underused,
although its application carries distinct advantages. We introduce a case in which fusion technology was used for the
placement of two thoracic and one branched abdominal aortic endograft and to treat late dislocation of its side branch
using a hybrid technique. (J Vasc Surg 2013;58:798-801.)Increasing volume and the complexity of patients
currently treated by endovascular means has led to a wide
spectrum of complications requiring expert management.
Recent advances in imaging technology allow a rigid super-
imposition of live operative ﬂuoroscopy over preoperative
computed tomography angiography (CTA) during inter-
vention.1 This technique is regularly being used in our
center during endovascular abdominal aortic repair
(EVAR) and thoracic endovascular aortic repair (TEVAR)
to minimize or eliminate the use of iodinated contrast.
CASE REPORT
A 60-year-old man presented with an asymptomatic type I
thoracoabdominal aneurysm with a maximal diameter of 53, 67,
and 30 mm at the thoracic, celiac trunk, and infrarenal level,
respectively. The patient was positive for hepatitis C and HIV,
with no signiﬁcant surgical history.
A two-stage intervention was planned, starting with reimplan-
tation of the left subclavian artery onto the left common carotid
artery to facilitate spinal cord blood perfusion. The second proce-
dure involved placement of two TEVAR devices starting immedi-
ately after the left common carotid artery, with a distal landing
zone of 30 mm proximal to the celiac trunk, followed by
a three-branch (celiac trunk, superior mesenteric artery [SMA],
additional “free” branch) and a Zenith endovascular device
(Cook, Bloomington, Ind) with two renal artery fenestrations.
The procedure was performed in the hybrid operating suite
under image fusion. Catheterization of both renal arteries, the
SMA, and the celiac trunk, was achieved using femoral and axillarythe Departement de Chirurgie Cardiovasculaire, Hopital Henri
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sis. The two branches and two fenestrations of the endoprosthesis
were stented using Advanta V12 covered stents (Atrium Medical
Corp, Hudson, NH) and restented with a slightly longer Omnilink
bare-metal stent (Abbott Vascular, Abbott Park, Ill) to increase the
radial force. The procedure required only 48 mL (Omnipaque
Lohexol 140 mg/mL Nycomed; Mersham, Princeton, NJ) of iodin-
ated contrast, with 7 mL used for selective completion angiog-
raphy of each visceral vessel and 20 mL for the ﬁnal completion
angiography. The postoperative CTA was satisfactory, with the
main device branch seen just beyond the ostium of the SMA and
>30 mm of covered stent extending within the SMA (Fig 1).
Our current strategy is to leave a “free” branch intentionally
providing an endoleak to mitigate the risk of postoperative para-
plegia.2 This branch was sealed 3 weeks later under local anesthesia
using an Amplatzer device (AGA Medical Corp, Plymouth, Minn)
after a 30-minute balloon occlusion test during which the patient
was examined for signs of limb weakness.
The CTA at the 6-month follow-up showed a large type III
endoleak due to complete dislocation of the stented SMA branch,
along with an increase in aneurysm diameter (Fig 2). Given the
friction forces over the long introducer, bridge stenting via humeral
access failed. Although the SMA was catheterized, it was impos-
sible to pass a stent or introducer past the ostium of the SMA.
At that point, we decided that repositioning of the branch was to
be accomplished using direct retrograde SMA puncture.
Endovascular navigation and vascular access were achieved using
superimposition of preacquired volumetric CTA data on live two-
dimensional (2D) ﬂuoroscopy (Magnetic Resonance/Computed
Tomography Roadmap; Philips Healthcare, Best, The Netherlands).
For registration of the live ﬂuoroscopy with the CTA volume,
a low-dose C-arm cone-beam CT (CBCT) acquisition using 8
single-detector row protocol (XperCT; Philips Healthcare) without
injection of iodinated contrast, was acquired after general anesthesia
was induced.
The preacquired CTA was fused and overlaid with the intrao-
perative CBCT using vessel calciﬁcations and soft tissue as land-
marks (Fig 3), which has the effect of bringing the CTA volume
into the same coordinate space as the live ﬂuoroscopy, thus allowing
ﬂuoroscopic navigation over the diagnostic CTA.1 We have found
Fig 1. Volume-rendered image of the initial postoperative
computed tomography angiography (CTA) shows adequate device
application and superior mesenteric artery (SMA) branch
positioning.
Fig 2. Dislocation of the superior mesenteric artery (SMA) branch
is shown. The SMA is lying superior to the distal end of the
endovascular branch.
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parallel to draping of the patient.
The SMA was radiologically located in three-dimensional and
centered on radiologic markers, and using live ﬂuoroscopy, we per-
formed a 4- to 5-cm minimal abdominal laparotomy. The infracolic
SMA was exposed and controlled inferior to the transverse colon
mesentery. At this point, the SMA was punctured in a retrograde
fashion, and a 7F 45-cm guiding catheter was placed. The branch
of the endograft was catheterized under image fusion and realigned
by advancing the introducer and bridge stenting using a covered
stent, followedby a balloon-loadedmetal stent. Angiographic control
was satisfactory, and the puncture site was closed with simple Prolene
(Ethicon, Somerville, NJ) sutures. The patient remained well at
6 months, with no recurrence of branch dislocation or endoleak.
Fig 3. Fused preoperative image and live ﬂuoroscopic image using
an image intensiﬁer. The green markers placed by the inter-
ventionalist act as three-dimensional coordinates centered on the
superior mesenteric artery (SMA). Surgical forceps were used to
localize the incision on the abdominal wall.
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Given the high prevalence of renal disease, minimizing
contrast load beneﬁts a large number of patients. The
average reported contrast used in fenestrated or branched
devices is >150 mL.3-5 The rate of the postintervention
long-term dialysis requirement is as high as 11%.6 Using
this technology, our contrast use was 48 mL in this partic-
ularly complex patient. Where there is a formal contraindi-
cation to contrast, such as severe allergies or predialysis
chronic renal failure, procedures can be performed with
zero contrast.1 Imaging data can also be taken from
a preoperative magnetic resonance scan, and we will
continue to expand our use of preoperative magnetic reso-
nance imaging in selected patients.
The use of the three-dimensional diagnostic CTA road
map allows straightforward interpretation, making it
possible to select optimal working angles and more intui-
tive catheterization. Although little data exist, our empiric
data support claims by other authors that CBCT fusion
signiﬁcantly reduces contrast load compared with standard
EVAR techniques and with a trend toward reduced radia-
tion exposure and operating time with increasingexperience.7 Little data on CBCT fusion for fenestrated
or branched devices are currently available; however, we
believe that as CBCT fusion experience develops, it will
be invaluable in complex procedures, especially in patients
with renal impairment.
Dijkstra et al7 have advocated postdeployment CBCT
as an acceptable imaging modality to identify endoleaks
and device application. This could remove the necessity
of postoperative CTA in the short-term follow-up or iden-
tify endoleaks that may not be visible on standard angio-
gram. Another alternative to reduce iodinated contrast
use is carbon dioxide-guided angiography. This technology
has been used for venograms and peripheral angiograms for
many years, and its application in EVAR interventions is
growing. Carbon dioxide-guided angiography has been
demonstrated to be a safe imaging method, resulting in
reduced iodinated contrast volumes.8,9 The images,
however, are not of sufﬁcient detail to be applicable to
fenestrated or complex EVAR cases. The vessel wall
morphology and calciﬁcations are not fully appreciated,
and three-dimensional manipulation is not an option.
Some authors suggest that patients should be carefully
selected for carbon dioxide angiography due to the higher
radiation exposure and operative times.9
As a result of the large size of the aneurysm, the SMA
was pushed against the abdominal wall. Using fusion
imaging, we directed a mini-incision on the SMA where
it was lying superﬁcially signiﬁcantly distal to the stent
markers, reducing the recovery required from a full lapa-
rotomy incision. Pure percutaneous access was conceivable
by direct puncture while avoiding visceral structures visual-
ized on the CTA. We decided against percutaneous access
because it would have required off-label use of a percuta-
neous closure device and risk internal hemorrhage.
CONCLUSIONS
CBCT fusion may prove useful in a wide array of
vascular interventions, with some authors using fusion in
translumbar aortic sac puncture for endoleak emboliza-
tion.10 We believe that complex vascular interventions
can be optimized using CBCT fusion, minimizing nephro-
toxicity with a trend toward lower radiation exposure and
length of intervention.
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